Abstract. This paper investigates the relationship between economic growth, greenhouse gas emissions and other factors based on the panel data of 22 countries of the EU in the period 1995-2014. The fixed effect panel model was used as a framework for the analysis. The novel contribution of this paper is that the factors of economic growth, energy consumption, energy taxes as well as R&D were tested in one expanded EKC model, including the data of three Baltic States. The regression coefficients referring to GDP, Energy consumption have a positive sign, while R&D and Energy taxes have a negative sign. The empirical analysis combines two steps of evaluation of panel models of different groups of countries. The results imply that the analysed factors (energy consumption, energy taxes as well as R&D) can be applied to adjust the EKC trend in the region and might be useful for the climate change policy adjustment.
Introduction
The European Union stated that the prevention of climate change is one of the strategic priorities and encouraged other countries to follow its example. The European Union claimed the reduction of greenhouse gas emissions by at least 20% compared to the levels of 1990 till 2020, then 40-60% till 2040 and 80% till 2050 to be one of its strategic priorities (Europe 2020). In the scientific world, the question if the economic growth harms the environment has been widely discussed by environmental economists for a long time. The theoretical considerations of the relationship between the environment and economic growth starts, in many cases, with presenting the famous book "The Limits to Growth" (Meadows et al. 1972) inspired by the informal organization The Club of Rome. It was noticed that the rates of such variables as population growth, usage of resources, level of pollution and material consumption grew according to the trajectory of the exponential function. In 2012, Randers, one of the authors of "The Limits to Growth", published another book, where he forecasts the future pessimistically (Randers 2012) . The latest studies of the environmental degradation and growth are related to the hypothetical Kuznets curve approach. The environmental Kuznets curve (EKC) is a hypothetical relationship between various indicators of environmental degradation and income level, referring to the shape of the inverted-U. The environmental Kuznets curve appeared to be in the centre of this discussion after the publication of seminal works of Grossman and Krueger (Grossman, Krueger 1991 . In the first stream of EKC studies, reduced EKC models have been estimated without any additional explanatory variables except for GDP proxy variables (Grossman, Krueger 1991 Shafik, Bandyopadhyay 1992; Selden, Song 1994; Holtz-Eakin, Selden 1995) . In the later EKC studies, so-called "expanded EKC models" (the expanded model includes some additional factors based on the economic logic and data availability) were used, where the relationship between environmental quality indicators and a broader set of economic development variables: energy consumption, trade openness, urbanization and others were tested (Iwata et al. 2011; Baodong, Xiaokun 2011; Esteve, Tamarit 2012; He, Wang 2012; Fujii, Managi 2013; Liao, Cao 2013; Lin, Liscow 2013; Onafowora, Owoye 2014; Lapinskienė et al. 2013 Lapinskienė et al. , 2014 Lapinskienė et al. , 2017 Ginevičius et al. 2017) . The higher economic growth requires more energy consumption and more efficient energy use needs a higher level of economic growth. In latest studies the energy sector is defined as the most robust determinant of greenhouse gas emissions (GHG) emission. This group of researchers used various indicators to evaluate the importance of energy sectors. A survey of the existing literature can be divide into three groups: GHG (CO 2 ) -GDP -general energy consumption, GHG (CO 2 ) -GDP -energy consumption by different sources as well as GHG (CO 2 ) -GDP -general energy consumption by sectors. This study contributed to the first group of studies. The majority of the studies limit their analysis by only linking the total energy consumption and economic growth to environmental pollution, particularly CO 2 emissions (Marrero 2010; Baek 2015) , others include additional variables as trade, foreign investment etc. in order to explain the analysed relationship. The study provides a new empirical research on the expanded EKC model for twenty European countries in the period 1995-2014. To the best of our knowledge, so far there has been no study that tests the EKC hypothesis for such a sample of countries, specially capturing the three Baltic States. To provide other perspective, the main objective of this study is to test the robustness of additional factors like energy consumption, research and development and energy taxes into one model. The 21-st century is the age of the biology science and the novelties in this field may lead to higher prosperity and cleaner environment. It is assumed that improving technologies will lead to better environment without limiting general growth trends. The EU has increasingly favoured environmental taxes as instruments because they provide a flexible and cost-effective means for reinforcing the polluter-pays principle and for reaching environmental policy objectives. The intensity of energy consumption reflects the carbon intensity of each economy. The second objective to check if countries which are more developed, i.e. has higher GDP per capita, uses resources more productivly, if that is true we expect coefficient in front of energy consumption to be smaller.
The paper has the following structure. Sections 1 and 2 provide important theoretical and econometrical issues based on the considered concepts. Section 3 describes the main findings of the research. The last section summarizes the results, providing the concluding remarks and defining possible areas for further research.
Literature review and modelling framework
The latest EKC studies combine the relationship between environmental pollution and economic growth and some other variables. To empirically analyse whether or not additional factors are important researchers have expanded the quadratic and cubic equations by adding some additional variables. Based on the empirical studies, general theoretical causes and factors affecting the relationship between the environment indicators and economic activity might be divided into several topics: scale of economic activity; the structure of economy; technological development, international trade and the pollution haven hypothesis, income inequality of income distribution; political-governance factors; social-demographical factors; historical events or shocks; country-specific factors. The empirical investigations of factors, affecting GHG or CO 2 as the main indicators referring climate change, shows that researcher used various indicators assessing the significance of special social-economic factors. The executed systemic analysis of empirical studies, where the EKC analysis was extended to include some additional variables, has led to the notion, that different locations and different time series may be significantly impacted by special factors. The scale of economic activity, composition of economy and technological development are impacting the environment through the economic growth and are often mentioned by researchers as the main ones. Manager's values, environmental and economic attitudes, for improving enterprises environmental responsiveness, can also be seen as important factors for improving and managing way toward more sustainable society (Potocan et al. 2016; Lapinskienė et al. 2017) . The main source of GHG is related to energy consumption, especially the high share of electricity production from coal and oil sources in the total electricity production, while high divergence in GHG amounts remains even among separate EU countries. It means that the intensity of energy consumption reflects the carbon intensity of each economy. The countries with dominant energy intensive sectors such as energy and business, release more GHG compared to the countries, importing more energy intensive products like those made of iron and steel. A countries' endowment of resources impacts the energy mix proportion: for example, a relatively high propensity to use coal in Poland and Estonia clearly impacts the level of greenhouse gas emissions per capita. The type of the consumed resources can explain the differences. Table 1 investigate the relationship between GHG CO 2 emissions as a proxy for pollution, GDP (or economic growth) and aggregate energy (electricity) consumption. A large number of studies have concluded that energy consumption, GDP growth and GHG (CO 2 ) emissions are co-integrated. 78 percents of analysed studies used panel data, including samples of various sizes, starting from six countries (Baek 2015) to those covering thirty two countries (Al-mulali 2015) . Time series analysis was performed in the Albania, Bulgaria, Hungary, Romania as well as G-7 countries. Most of researchers included additional factors (trade openness, urbanization, and financial development) to test in their models. Energy consumption, trade openness and urbanisation contribute to increase in emissions, financial development mitigates CO 2 . The most common model was panel ordinary least squares fixed effect model and time series autoregressive distributed lag model. The ecometrical models have been supported by various statistical tests (Ime-Pesarane-Shin unit root, Augmented Dickeye Fuller unit root, Phillipse Perron unit, Granger causality, Pedroni cointegration, Dickeye Fuller) in order to prove the robustness of the empirical results. According to Table 1 , it is clear that the results from the previous studies focused on particular factors -total energy consumption, urbanisation, trade and financial development.
Studies given in
In this paper the factors economic growth, energy consumption, energy taxes as well as R&D were tested into one expanded EKC model in order to evaluate the relationship between economic growth and chosen factors. European countries are trying to reduce pollution by employing various tools such as the development of new energy consumption reduction technologies, emphasizing environmental R&D and approving new CO 2 emissions rules. In the sustainable development, it is assumed that the largest part of R&D expenditure in theory might be related to the environmental friendly solutions. On the other hand, chosen model estimates various countries representing different starting points of R&D expenditure and the results might not be obvious. It should be noted that real investments in R&D may show a substantial lag between the investment time and a positive result, while the statistical impact might not be caught from the past data.
End of Table 1 Despite these doubts, it is expected to have a negative sign of the coefficient by R&D. Measures representing the environmental policy options are reflected by energy and environmental taxes. Taxes represent a classical and potentially reliable instrument of the environmental policy, used for reducing the harm of human activities on the environment. This research does not go deeper in the discussion about the effectiveness of these instruments. It is assumed that higher taxes might reduce the level of GHG and it is expected to have negative signs of coefficients representing energy taxes. Energy taxes are one of the factors affecting the market mechanism forces playing out in EKC analysis and which can be actively managed by policy makers.
Following the analysed literature and the modelling framework, the hypothesis was raised that all the selected variables have a statistically significant impact and economically expected relationship to GHG as presented in Table 2 . Gross inland consumption (TOE (tonnes of oil equivalent)/per capita) Gross inland consumption is calculated as follows: primary production + recovered products + total imports + variations of stocks -total exports -bunkers.
ENCONS Positive
Source: created by authors.
In order to test the statistical significance of these variables and to prove the hypothesis raised, the expanded quadratic EKC equation was used for the estimation. The selected model for this step of the research is given below:
where GHG it is a dependent variable for the country i in the time t; GDP it , R&D it , ENERTAX it , ENCONS it are the independent variables for the country i in the time t; β denotes the regression coefficients; µ i is the cross-section specific effect; ε it is an error term.
The study employs the equation form used by Holtz-Eakin and Selden (1995), Wang et al. (2011), He and Wang (2012) , Fujii and Managi (2013) , and Boluk and Mert (2014) . The study follows the panel data analysis performed by Marrero (2010) , Boluk and Mert (2014), and Lopez-Menendez et al. (2014) .
Empirical analysis
The empirical analysis combines two steps of evaluation of panel models of different groups of countries. In the first step, twenty two European states (Table 3) were considered to determine the expanded EKC model relationship between GHG and GDP as well as chosen factors. In this study, Bulgaria, Romania and Croatia were not included, as these countries joined the European Union only recently (2007 and 2013); therefore, these countries had a short period for the implementation of the European Union policies. Luxemburg, Cyprus and Malta were not analysed either because their population is less than 1 million, which may distort calculations of per capita terms. At the second stage, the chosen sample was divided into two groups based on the geographical region of the countries and the level of their development. By subdivision of the overall sample into two groups we aim for two insights. First we would like to check if countries which are more developed, i.e. has higher GDP per capita, uses resources more effectively, if that is true we expect coefficient in front of ENCONSUM to be statistically significantly smaller. Second we aim to check if graphical form of EKC is different for these two country groups. For this task we will check if coefficients in front of GDP and GDP2 are different.
The overall sample of 22 countries was subdivided into two groups (Table 3) , where less developed countries were defined as countries which GDP per capita (in PPS) at the beginning of the period was less than 16000 PPS/capita and developed countries which GDP per capita above 16000 PPS. Italy was arbitrary moved to less developed country group due to its geographical/cultural proximity to remaining south European country block.
The empirical study is based on the panel data; therefore, the econometric fixed effect panel data model is used for testing the hypothesis. In order to have the comparable data, the data sets for the analysis are chosen from Eurostat. In order to avoid potential distortions and/or very small beta coefficients in quadratic model estimation, the data for GDP were normalised to vary between 0 and 1, where the smallest value of the whole EU sample is equal to 0, and the largest value is equal to 1. At the same time, this facilitates the comparison of the results, as for example 0.5 equals to the average EU level. The pooled EGLS (cross-section weight) method was chosen for the estimation of regression coefficients. The model was validated by the characteristics of the fitted model: R 2 and Adjusted R 2 ; P-values of Fisher and Student tests and residuals. When the P-value is lower than 0.05, it indicates that this coefficient has a statistically significant explanatory power with the probability of 95%. The main results of the first econometric estimation are presented in Table 4 and analysed in the remaining part of the section. The model was validated by the characteristics of the fitted model. R 2 is 0.947, and Adjusted R 2 is 0.944. R 2 is very high due to its estimation specific for pooled data series. The P-value of Student's test provided in the column 'Prob' was used to determine the statistical significance of the estimated coefficients of the proxy variables. F-statistics of the final extended quadratic model is 285.9561 and probability of F-statistics being zero is non-existent. In this case, Durbin-Watson stat is 0.786924, indicating a substantial serial correlation of the residuals.
The expanded model has five indicators, the parameters of the model are in agreement with the theoretical econometric methodology and economic logic. Summing up the results of the estimation, several conclusions could be made. First, based on mathematical logic, the expanded model may not show the existence of the EKC form because additional variables change the form of a function. Second, the existence of differences between the pollution levels, i.e. the height of EKC, not captured by the factors analysed, in different countries in the model is demonstrated by the differences between a country's intercepts (see data in Table 4 ). In general, it can be seen in Table 4 that the considered indicators produce a statistically significant effect. The hypothesis has been proved -regression coefficients referring to GDP, Energy consumption have a positive sign, while R&D and Energy taxes have a negative sign.
In the Table 5 and 6 two groups were estimated separately. By selecting the two groups of countries, we aimed to check if consistent patterns can be found, and if we can conclude that some general tendencies could be distinguished and explained. R2 is 0.957704, and Adjusted R2 is 0.954392 are the parametres of the model of developed countries. F-statistics of the final extended quadratic model is 289.1354 and probability of F-statistics being zero is non-existent. In this case, Durbin-Watson stat is 0.964610, indicating a substantial serial correlation of the residuals. LITHUANIA--C 6.237044 LATVIA--C 11.85494 The third model is valid, as its parameters R 2 is 0.943435, and Adjusted R 2 is 0.939462 are the parametres of the model of developed countries. F-statistics of the final extended quadratic model is 237.4284 and probability of F-statistics being zero is non-existent. In this case, Durbin-Watson stat is 0.747492, indicating a substantial serial correlation of the residuals.
The existence of differences between pollution levels in different groups of countries not explained by the analysed variables is demonstrated by the remaining differences between a country's intercepts (i.e. the height of EKC). The higher is the intercept of a country, the higher is the unadjusted GHG level. As a general case, countries having a higher development level tend to have a higher EKC (Denmark, Ireland), while less developed countries have a lower EKC (Latvia, Lithuania). The applied EKC estimation method allows evaluating the specific effect of a variable not only on the form but also on the height of EKC (having other effects fixed).
The extended EKC estimation model by the fixed effect panel model for the whole sample and separated groups suggests that the selected indicators (R&D, Energy consumption, Energy taxes) are the factors relevant for managing the process of climate change as they demonstrate a statistically significant effect (Table 4 , 5, 6). The regression coefficients referring to Energy consumption has a positive sign, which means that a higher value of these indicators is associated with a higher level of GHG. The obtained negative signs of R&D and environmental taxes in the models show that the increase in the values of these variables leads to lower the GHG level. The obtained data allows us to conclude, that the considered countries develop in a similar way and all should analyse various instruments, which could help them to control the level of GHG on their path to economic growth.
Summing up the results from three models several patterns can be derived:
First, EKC functional form can be described evaluating GDP and GDP^2 coefficients in Table 4 (Clogg et al. 1995) :
As calculated Z-score is much higher than critical 99.99% confidence level, this proves the hypothesis that energy is used less efficiently in less developed countries as was expected.
The following generalities was revealed in this research: first, energy consumption efficiency (as measured by energy used per inhabitant) in more developed European countries are considerably lower than in countries representing group of less developed European countries. The observation holds for the whole considered period, i.e. from year 1995 to year 2014. We can claim that observed trends let us reveal one consistent pattern: better developed countries due to technological advance perform much better in energy efficiency area, therefore their energy intensity, as resulting indicator, much better. Here we can assume that behavioural patterns in energy consumption can be characterized by one of the two formulated statements: the first, behavioural patterns are oriented to energy stewardship, either, the second, behavioural patterns are not sequently oriented to energy stewardship. Second, subdivision into country groups indicated that countries in different country development level shows different trend dynamics as indicated by different estimation coefficients for GDP and GDP^2: less developed countries are on increasing EKC trend, while more developed countries are on decreasing trend.
Conclusions
The estimation of the effects produced on GHG by the economic growth and related various external factors can be viewed as a tool supporting a country's strategic decision. In this paper, the expanded EKC model estimating the relationship between GHG and GDP and some additional factors (e.g. Energy consumption, Energy taxes as well as R&D) for the twenty EU countries (including three Baltic States) is tested empirically. The analysis of the expanded model, covering the relevant factors, allows assessing the impact of economic variables on GHG emissions, in order to manage the harmful effect of the economic growth on the environment. In order to test the effects of different factors in the European Union countries, the estimation was made by the fixed effect panel model.
In general, the research confirmed the presence of the inverse U-shaped relationship.
Hence, countries having a higher development level tend to be on the higher phase of EKC (Denmark, Ireland), while countries which are less developed are on the lower phase EKC (Latvia, Lithuania). Estonia, the third Baltic country, also belongs to the less developed countries group, but its level of Gross inland energy consumption is substantially higher, than in the other Baltic States, the negative impact of the former factor is partly offset by a negative country's coefficient. Substantial differences in explanatory factors may be related to the specific of its natural resources, coal shale is the main local energy source in Estonia. The empirical expanded EKC model estimation suggests that the analysed factors are relevant for the management of climate change as they demonstrate a statistically significant effect on the dynamics of GHG. The pollution reduction might be expected to occur as a natural by-product of economic development, improving the efficiency, particularly, in energy consumption. Energy taxes are one of the factors affecting market mechanism forces playing out in EKC analysis and can be actively managed by policy makers. The development of cleaner techniques is encouraged by investments in environmental R&D for which, the sufficient level of economic growth is required. The substantial part of R&D expenditure in theory might be related to the environmental friendly solutions.
The obtained model coefficient estimates could be directly used as a basis to estimate various scenarios, in order to see the potential future path of the GHG development for a country or region. The obtained results show that the future path of EKC could depend on the development level of a specific country. In countries that achieved a higher development level and reached the EKC turning point, the GDP increase would positively impact on the level of GHG. In the Baltic States and Central and Eastern European countries, which have not yet reached the EKC turning point, some additional environmental measures (including changes in the structure of the economy, energy taxes and others) might be used as instruments in the climate change policy adjustment.
The further analysis might be extended into some other areas. Using the proposed technique, other environmental variables could be tested. Another direction of studies may be related to the deeper analysis of the economic shocks with respect to the EKC relationship.
